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The same dialkylphosphite reagent can be used for both N protection and C activation of amino acids. Two 
N-diisopropyloxyphosphinyl (Dipp) tripeptide esters were prepared, and nine N-Dipp-dipeptide acids were 
synthesized through the activated amide intermediate. The positive ion FAB-MS of N-Dipp-tripeptide 
showed novel cleavage patterns in that only the N-phosphoryl fragment ions gave intense peaks while the 
C-terminal series ions did not appear. This novel character might be useful for peptide sequence analysis. 
In addition, dialkyloxyphosphinyl group can be examined by "P-NMR for peptide conformational analysis 
and inspection for the degree of racemization during the coupling reaction. 
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In the literature, there are many methods to synthesize 
peptides. The Cbz(carbobenzoxy), Boc(t-Butyloxy- 
carbonyl) and Fmoc(9-fluorenylmethoxycarbonyl) 
groups are commonly used for the protection of the 
amino group. Activation of the carboxylic group for 
peptide bond formation in general is accomplished by 
DCC/NHS (dicyclohexylcarbodiimide and N- 
hydroxysuccinimide), A (azide), MA (mixed anhy- 
dride), and activated ester systems. Very few protect- 
ing groups are based on the dialkoxyphosphinyl 
group, which is very similar to the biological phos- 
phate system. Although it was proposed that protein 
biosynthesis might proceed through a mixed 
carboxylic-phosphoric anhydride intermediate (l), 
and a variety of organophosphorus compounds have 
been developed as the peptide coupling reagents (2-4), 
only a few of the coupling reactions proceed through 
a mixed carboxylic-phosphoric anhydride inter- 
mediate. In our laboratory, all the naturally occurring 
amino acids have been successfully N-phosphorylated 
by the easily prepared dialkylphosphite (5 ) ,  and the 
phosphoryl group can be removed with anhydrous 
tetrahydrofuran saturated with dry hydrogen chloride 
gas (6).  In addition, 18 N-protected dipeptide esters 
were synthesized by using a dialkylphosphite as a 
coupling reagent through the mixed carboxylic- 
phosphoric anhydride intermediate (7). In order to 
extend the potential of this new method, two N- 
diisopropyloxyphosphinyl(Dipp)-tripeptide esters 
were synthesized using this new coupling reagent, and 
nine dipeptide acids were prepared through the ac- 
tivated N-Dipp-amino acid 1,3-thiazoline-2-thione in- 
termediate in this paper. 
RESULTS AND DISCUSSION 
Synthesis of N-Dipp-dipeptide acids 
It was found that through the eight-member mixed 
anhydride intermediate N-dibutyloxyphosphinyl, 
Pro-Pro-OH could yield cyclic dipeptide and dipeptide 
ester when it was incubated in I-butanol at 105-1 10" 
(8). Therefore, it was necessary to investigate an easy 
method to prepare these novel compounds. N-dialkyl- 
oxyphosphinyl dipeptide acids have previously been 
obtained by saponification of the corresponding di- 
peptide ester (8), which was obtained through the 
coupling reaction using DCC/NHS or dialkyl- 
phosphite as shown in Fig. 1.  
In general, a strong base such as NaOH or LiOH 
must be used for the saponification of the dipeptide 
ester, which can easily lead to racemization. In ad- 
dition, it is tedious to optimize the hydrolysis con- 
ditions to get a high yield, Hence, it would be desirable 
if the C-terminal amino acid could be used directly for 
the coupling reaction. 
It was known that the compound 1,3-thiazo-2- 
thione (TTT) can be used to convert an activated 
carboxylic group into an activated amide which is 
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FIGURE I 
relatively stable in aqueous solution (9-1 1). The ac- 
tivated amide could then be coupled to the C-terminal 
amino acid in the aqueous solution to form the dipep- 
tide acid in one step. This technique was applied to the 
synthesis of N-Dipp-dipeptide acids 4a-4i outlined in 
Fig. 2. 
In the presence of triethylamine and carbon tetra- 
chloride, the diethylphosphite reacted with an N-Dipp- 
amino acid I to generate the mixed carboxylic-phos- 
phoric anhydride 2, which was attacked by the nu- 
cleophile TTT, resulting in the formation of N-Dipp 
amino acid TTT amide 3. The activated amides 3a-3d 
could be isolated in 70-75% yield. The activated 
amides 3a-3i were reacted with free amino acids in 
basic solution (pH = 8-9) to yield N-Dipp-dipeptide 
acids 4a-4i in 80-85% yield. The structures of these 
novel compounds 4a-4i were determined by 'H- 
NMR, 3'P-NMR, I3C-NMR, fast atom bombardment 
mass spectrometry (FAB-MS), and microanalysis. 
This method can be extended to the synthesis of 
N-Dipp-tripeptide esters by substituting dipeptide 
ester HX salt for the amino acid ester in Fig. 1.  For 
example, tripeptides, N-Dipp-L-Ala-L-Val-L-Ala- 
OMe 6a and N-Dipp-L-Pro-L-Val-L-Ala-OMe 6h were 
obtained in 70-75%0 yield. The purity and the struc- 
ture of tripeptide esters 6a, 66 were determined by 
'H-NMR, I3C-NMR, P-NMR, and elemental analy- 
sis. It should be possible to prepare much longer 
oligopeptides using the same strategy. 
In the previous paper (7 )  it was shown that the 
degree of racemization could be determined by 31P- 
NMR. Dipeptide 4c derived from N-Dipp-m-Abu 
and L-Pro gave two 31P-NMR signals (7.36,6.46ppm), 
corresponding to the two diasteroisomers. The dipep- 
tides 4a, 46 and 4d-4h derived from optically pure 
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N-Dipp-amino acids and free amino acids gave only 
one "P-NMR signal under the same conditions, im- 
plying that no racemization had occurred during the 
peptide bond formation by the dialkylphosphite 
method . 
31 P-NMR 
When the "P-NMR chemical shifts of N-Dipp-X, -X, - 
X3-OR and N-Dipp-XI -X2-OY (Y = H or R) were 
compared to the corresponding N-Dipp-XI -OH 
shifts, i t  was found that in most cases they were 
similar. Proline was the only one which gave a bigger 
deviation. For example, 6a, N-Dipp-Ala-Val-Ala- 
OMe, showed a chemical shift at 5.6 ppm and N-Dipp- 
Ala-Phe-OMe and N-Dipp-Ala-OH shifts at 5.3 ppm 
and 5.5 ppm, respectively (5). 6h N-Dipp-Pro-Val- 
Ala-OMe (6.4 ppm), N-Dipp-Pro-Phe-OH (6.2 ppm), 
and N-Dipp-Pro-Gly-OEt (6.5 ppm) (5) showed a 
2 ppm downfield shift compared to the N-Dipp-Pro- 
OH (4.4 ppm) (5). This phenomenon might be due to 
the conformational change around the phosphoryl 
group (12). In addition, the shift of N-Dipp-Pro-Pro- 
OMe is at 4.2ppm ( 5 ) ,  and it seems that it adopts a 
conformation different from N-Dipp-Pro-Gly-OMe 
(6.5 ppm). The correlation of the steric effect and con- 
formations on the 31 P-NMR shifts of N-Dipp-XI -X2- 
X, -OR is under further investigation. 
FAB-MS 
Novel fragmentation patterns of these interesting 
compounds were also observed. The major cleavage 
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predominant ion at m/z 234, which would eliminate 
two propylene to yield the base peak at m/z 150. The 
same type of scission occurred at C,,-C' to give the 
second intense ion at  m/z 333, which could also elimi- 





breaking at Ca3-C3 since the intensities of the ions at 
m/z 404, 362, and 320 were below 1 YO. The third type 
0 
II 
of fragmentation at C,-N3 gave the ion at m/z 361; 
like the major ions at m/z 234 and 333. This also 
showed exclusion of two propylene (Fig. 3). 
It is worthwhile to note that the tripeptide 6b 
showed the same base peak (mfz 150) as that for 
N-Dipp-L-Pro. This phenomenon also occurred with 
other N-Dipp-amino acids (1 3-1 5). The improvement 
on FAB-MS sensitivity by a factor of 4-20 (1 3) might 
be due to the phosphoryl group effect. 
In short, because of its availability, stability, and 
low racemization, dialkylphosphite can act as the N- 
protection reagent as well as the effective activating 
reagent for peptide bond formation, either directly 
through a mixed carboxylic-phosphoric anhydride in- 
termediate or through an activated amide. Also, when 
the dialkyloxyphosphinyl group was introduced into 
the N-terminal of peptides, some special properties 
were shown on the FAB-MS which might be useful for 
the peptide sequence analysis. Dialkyloxyphosphinyl 
group could be traced by "P-NMR for the peptide 
conformation analysis and inspection for the degree of 
racemization during the coupling reaction. 
EXPERIMENTAL PROCEDURES 
The 13C-NMR, 3'P-NMR, and 'H-NMR spectra were 
taken on Jeol FX-100, FT-80, Bruker AM-300, EM- 
360L 60-MHZ spectrometers. The 3'P-NMR shifts 
FIGURE 3 
Fragmentation pattern of N- 
2 Dipp-L-Pro-L-Val-Ala-OM E 66. 
used 85% phosphoric acid as the external reference. 
The 3'P-NMR spectra were recorded with the broad- 
band decoupling program. The I3C-NMR spectra 
used chloroform-d as the internal reference at 
76.9 ppm. TMS was used as the internal standard for 
the 'H-NMR spectra. Positive ion FAB-MS data were 
obtained on a KYKY Zhp-5 double-focusing mass 
spectrometer from the Scientific Instrument Factory 
(Beijing, China) equipped with a standard KYKY fast 
atom gun. Infrared spectra were determined with a 
Carl Zeiss Jena Specord 75IR instrument. The melting 
points were uncorrected. The optical rotations of the 
dipeptides were measured with a DIP-360 polarimeter 
made by Analytical Optical Co. (Japan). 
Synthesis of N-Dipp-amino acid I ,3-thiazoline-2- 
thione(TTT) amide 3a-d 
To a solution of N-Dipp-amino acid (5mmol) in 
carbon tetrachloride (20 mL) at 0" was added 1.4 mL 
triethylamine. The carbon tetrachloride solution 
(10 mL) containing 0.7 mL diethylphosphite was 
added dropwise to the above solution within 30 min. 
The mixture was stirred at 0" for 4 h. Then 0.6 g TTT 
dissolved in anhydrous THF ( I  5 mL) was added and 
stirred at room temperature for 4-8 h. The final solu- 
tion was washed with saturated sodium chloride and 
sodium bicarbonate. The organic layer was dried over 
anhydrous magnesium sulfate, and after evaporation, 
the residue was purified by chromatography on a silica 
gel column. Usual work-up affords the pure yellow 
N-Dipp-amino acid TTT amide 3a-d in 70-75% yield. 
3a, Dipp-L-Trp-TTT. IR, 1693 cm-'. j'P-NMR, 
4.91 ppm. 'H-NMR: 1.15-1.60 (t, 12H); 2.60-3.00 (m, 
2H); 4.40-4.70 (m, 2H); 6.20-6.50 (m, 1H); 7.00-7.60 
2H); 3.20-3.40 (t, 2H); 3.50-3.80 (t, 1H); 4.00-4.20 (t, 
(m, 6H). 
3b, Dipp-L-Met-TTT. IR, 1693 cm-'. 3'P-NMR, 
5.03 ppm. 'H-NMR: 1.30-1.65 (m, 14H); 2.25 (s, 3H); 
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2.65-2.80 (t, 2H); 3.35-3.65 (t ,  2H); 3.75-4.30 (m, 3H); 
4.60-5.20 (m, 3H). 
3c, D~PP-DL-A~U-TTT. IR, 1690cm-'. "P-NMR, 
5.55ppm. 'H-NMR, 1.10-1.40 (t, 3H); 1.40-1.70 (d, 
12H); 2.00-2.30 (m, 2H); 3.40-3.80 (m, 3H); 4.00-4.50 
(m, 1H); 4.55-5.00 (m, 4H). 
3d, Dipp-L-Alu-TTT. IR, 1691 cm-' .  3'P-NMR, 
6.96ppm. 'H-NMR: 1.20-1.50(d, 12H), 3.10-3.58 (m, 
7H), 4.40-4.80 (m, 4H). 
Synthesis of N-Dipp-dipeptide acids 4a-i 
5 mmol amino acid and 0.2 mmol tetrabutylam- 
moniumbromide dissolved in the basic aqueous solu- 
tion (3 mL, pH 9) were added to the yellow solution of 
activated amide 3 (5mmol) in THF (20mL). Ad- 
ditional NaOH solution (4N) was added to the above 
solution to maintain the pH of the reaction system 
between 8 and 9. The mixture was stirred at room 
temperature until the original yellow color of the reac- 
tion media disappeared. After evaporation to remove 
solvents such as THF and CCI,, 5 mL water and 5 mL 
saturated sodium bicarbonate were added to the reac- 
tion solution. Some white solids precipitated out and 
were filtrated off. The ether and ethyl acetate were 
used to extract the above filtrate to remove organic 
byproducts. Then, the aqueous solution was acidified 
by 1.2 N HCI to pH 3, extracted by mixed solvent ethyl 
acetate and tert.-butanol (1.5: I ) .  The extract was dried 
(MgSO,) and evaporated to leave a crude oily 
product, which was purified on a silica gel column 
eluted with mixed solvent ethyl acetate, chloroform 
and methanol (2:2:1). 
Dipp-L-Trp-L-Ah-OH, 4a. Yield, 85%. M.p. 83-84", 
[x]g(CHCI,) -73.3 (c4.0 x lo-'). IR, 1713, 
1651 cm-'. ,'P-NMR, 5.60ppm. FAB-MS(MH+), 
440. 'H-NMR (IOOMHz, CDCI,): 0.90-1.25 (m, 
15H); 3.00-3.20 (m, 2H); 4.05-4.20 (m, 3H); 4.25-4.55 
(m, 2H); 6.80-7.59 (m, 6H); 8.62-9.00 (br s, 2H). 
111.2; 118.7; 119.3; 121.9; 124.0; 127.6; 136.3; 172.5 
(J = 5.9Hz); 174.8. 
Anal. calc. for N-Dipp-L-Trp-L- Ala-OH - DCHA - 
H 2 0 ,  Cj2Hs5N40,P: C 60.18, H 8.62, N 8.78. Found: 
C 60.05, H 8.36, N 8.49. (DCHA = dicyclohexyl- 
amine). 
',C-NMR: 17.9; 29.4 (J = 2.9Hz); 48.2; 55.8; 109.2; 
N-Dipp-L-Me[-P-Alu-OH 4b. Yield, 87%. M.p. 50.5- 
51.5". [a]g(CHCI,) - 14.6 (c 19.5 x 10-j). IR, 1712, 
1640cm-'. FAB-MS(MH+), 385. "P-NMR, 
5.51 ppm. 'H-NMR: (60MHZ, CDCI,): 1.10-1.52 (d, 
12H); 1.80-2.24 (m, 5H); 2.32-2.68 (m, 4H); 3.40-3.70 
(t, 2H); 3.70-4.00 (m, 1H); 4.40-4.80 (m, 3H); 7.60- 
7.80 (br s, IH); 10.5-11.5 (br s, 1H). "C-NMR: 15.3; 
29.9; 33.5 (J = 6.5Hz); 34.5; 35.0; 54.5; 172.8 
(J = 4.3 Hz); 175.6. 
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Anal. calc. for C,,H,,N,O,PS: C 43.75, H 7.55, N 
7.29. Found: C 43.49, H 8.01, N 7.22. 
N-Dipp-DL-Abu-L-Pro-OH 4c. Yield, 82%. IR, 1710, 
1680cm-'. FAB-MS(MHf), 365. ,'P-NMR, 6.46, 
7.36 ppm. 'H-NMR (60 MHz, CDCI,): 1.30-1.65 (m, 
15H); 1.90-2.50 (m, 4H); 3.20-3.70 (m, 2H); 3.80-4.30 
(m, 3H); 4.50-5.00 (m, 4H); 6.80-7.20 (br s, 2H). 
',C-NMR: 9.8; 25.5; 27.1; 30.8; 47.0; 60.9 
(J = 2.9Hz); 62.5; 172.2 (J = 4.2Hz); 173.2. 
N-Dipp-L-Alu-L-Ah-OH 4d*. Yield, 64%. M.p. 
119.5-120". [x];(CHCI,), +9.88 (c87.7 x lo-,). IR, 
1725, l650cm-'. FAB-MS(MH+), 325. "P-NMR, 
7.00 ppm. 'H-NMR (100 MHz, CDCI,): 1.04-1.60 (m, 
(m, 1H); 4.40-4.80 (m, 3H); 7.10-7.30 (d, 1H); 8.60- 
9.20 (br s. 1H). "C-NMR: 18.3; 37.5 (J = 3.4Hz); 
38.0; 48.2; 171.3; 175.5. 
Anal. calc. for C, ,HzsNz06P:  C 44.44, H 7.71, N 8.64. 
Found: C 44.20, H 7.71, N 8.28. 
15H); 2.40-2.64 (t, 2H); 3.04-3.44 (t, 2H); 3.60-4.16 
N-Dipp-/?-Ala-L-Phe-OH 4e. Yield, 80%. M.p. 109.5- 
110". [a]: (CHCI,) f45.7 (c5.5 x lo-,). IR, 1725, 
1651 cm-' .  FAB-MS(MH+), 401. ,'P-NMR, 
6.84ppm. 'H-NMR (IOOMHz, CDCI,): 1.20-1.52 (d, 
12H); 2.30-2.70 (t, 3H); 2.80-3.40 (m, 4H); 3.50-3.80 
(br s, 1H); 4.40-4.80 (m, 2H); 4.80-5.00 (m, 1H); 
6.80-7.00 (d, 1H); 7.12-7.36 (d, 5H); 8.20-9.00 (br s, 
1H). "C-NMR: 37.6; 38.0; 38.5 (J = 5.0Hz); 53.2; 
126.8; 128.3; 129.6; 136.6; 171.0; 174.0. 
Anal. calc. for C,,H,,N,O,P: C 54.00, H 7.25, N 7.00. 
Found: C 53.41, H 6.82, N 6.73. 
N-Dipp-/?-Alu-L-Vul-OH 4P*. Yield, 57%. M.p. 58- 
59". [a]:(CHCI,) - 1.2 (c1.4 x IR, 1712, 
1644cm-'. FAB-MS(MH+), 353. ,'P-NMR, 
7.51 ppm. 'H-NMR (100 MHz, CDCI,): 0.60-0.96 (d, 
6H); 1 .OO-1.32 (d, 12H); 1.80-2.60 (m, 3H); 2.72-3.30 
(m, 3H); 4.00-4.20 (m, 1H); 4.30-4.70 (m, 2H); 6.40- 
8.00 (br s, 2H). I3C-NMR: 18.2; 19.5; 30.3; 37.2; 37.7; 
59.2; 172.2; 177.3. 
N-Dipp-L-Pro-L-Phe-OH 4g*. Yield, 54%. IR, 1727, 
1671 cm-.'. FAB-MS(MH+), 427. j'P-NMR, 
6.18ppm. 'H-NMR (IOOMHz, CDCI,): 0.80-1.32(m, 
14H); 1.68-2.20 (m, 2H); 2.72-3.32 (m, 4H); 3.80-4.12 
(m, 1H); 4.20-4.81 (m, 3H); 6.80-7.20 (br s, 6H); 
9.20-9.80 (br s, 1H). "C-NMR: 24.7 (J = 6.8Hz); 
30.9 (J = 6.1 Hz); 37.4; 47.6; 52.9; 61.6 (J = 3.4Hz); 
126.6; 128.2; 129.4; 136.6; 172.6; 172.7. 
N-Dipp-L-Val-L-Phe-OH 4h*. Yield, 62%. M.p. 56- 
57.5". [r]z,'(CHCI,) - 16.5 (c 13.9 x lo-,). IR, 1725, 
1645cm-'. FAB-MS(MH+), 429. ,'P-NMR, 
*Total yield. 
**a) Total yield. b) Sensitive to moisture. 
5.73 ppm. 'H-NMR (60 MHz, CDCI,): 0.60-0.90 (d, 
6H); 0.90-1.30 (d, 12H); 1.80-2.00 (m, 1H); 2.75-3.10 
(d, 2H); 3.30-3.80 (m, 2H); 4.10-4.80 (m, 3H); 6.90- 
7.20 (br s, 6H); 10.30-10.80 (br s, 1H). ',C-NMR: 
17.2; 19.0; 31.7 (J = 2.9Hz); 37.7; 53.4; 61.1; 126.6; 
128.2; 129.3; 136.5; 172.5 (J = 2.9Hz); 173.8. 
Anal. calc. for N-Dipp-L-Val-L-Phe-OH -H2  0, 
C20H35N207P: C 53.81, H 7.81, N 6.28. Found: C 
54.05, H 7.76, N 6.13. 
N-Dipp-Gly-GIy-OH 4i*. Yield, 60%. M.p. 73.5- 
74.5'. IR, 1720, 1670cm-'. FAB-MS(MH+), 297. 
,'P-NMR, 6.18 ppm. 'H-NMR ((60 MHz, CDCI,): 
2H); 4.20-4.80 (m, 3H); 7.32-7.52 (br s, 1H); 8.80- 
9.08 (br s, 1H). ',C-NMR: 41.9; 44.5; 170.4 (J = 6.6); 
172.6. 
Anal. calc. for CloH,,N,O,: C 40.54, H 7.09, N 9.46. 
Found: C 40.66, H 7.39, N 9.44. 
1.20-1.40 (d, 12H); 3.50-3.75 (d, 2H); 4.00-4.18 (d, 
Synthesis of N-Dipp-tripeptide esters 6a-b 
The free dipeptide ester 5 was generated by deprotec- 









R, = -CH(CH,),, R, = -CH,). 
To a solution of N-Dipp-Pro or Ala (4mmol) in 
THF (3mL) at  - 10" was added 1 ml triethylamine. 
6 mmol diethylphosphite in CCI, (3 mL) was then 
dropped into it within 1Omin. The mixture was stirred 
for 1.5h. An additional 2mL triethylamine and 
4 mmol free peptide ester 5 (hydrobromide salt) were 
added and stirred at room temperature for 1-2 h. The 
reaction mixture was condensed in vacuo to leave an 
oily residue, which was dissolved in 30mL ethyl 
acetate and washed with dilute hydrogen chloride, 
saturated sodium bicarbonate and water. The organic 
layer was dried over anhydrous magnesium sulfate, 
and after evaporation the residue was purified by 
recrystallization from ethyl acetate and petroleum to 
give N-Dipp-L- Ala-L-Val-L-Ala-OMe 6a and N-Dipp- 
L-Pro-L-Val-L-Ala-OMe 6b in 70% and 75%, respec- 
tively. 
N-Dipp-L-Ala-L- Val-Alu-OMe 6a. M.p. 190-192'. "P- 
NMR, 5.57 ppm. FAB-MS(MH+), 438. 'H-NMR 
(IOOMHz, CDC1,): 0.84-1.12 (m, 6H); 1.12-1.52 (m, 
18H); 1.92-2.32 (m, 1H); 3.68 (s, 3H); 3.84-4.12 (m, 
1H); 4.32-4.72 (m, 5H); 7.60-7.66 (d, 1H); 7.66-7.78 
(d, IH). ',C-NMR: 17.4; 18.2; 18.8; 21.2 (J = 4.4H~) ;  
31.1; 47.8; 51.0; 52.0; 170.8; 172.9; 173.8 (5.9). 
Dialkylphosphite 
Anal. calc. C,,H,,N,O,P: C 49.42, H 8.29, N 9.61. 
Found: C 49.35, H 8.55, N 9.56. 
N-Dipp-L-Pro-L- Val-L-Ala-OMe 6b. M.p. 70-72'. " P- 
NMR, 6.42 ppm. FAB-MS(MH+ ), 464. 'H-NMR 
(100 MHz, CDCI,): 0.84-1.08 (m, 6H); 1.24-1.52 (m, 
15H); 1.72-2.04 (m, 2H); 2.24-2.44 (m, 3H); 3.12-3.36 
(m, 2H); 3.68 (s, 3H); 4.00-4.20 (m. 1H); 4.32-4.80 (m, 
4H); 7.24-7.44 (d, 1H); 7.52-7.72 (d, IH). I3C-NMR: 
16.8; 16.9; 19.0; 25.0 (J = 7.3Hz); 29.8; 30.6 
(J = 7.3Hz); 47.7; 47.8; 57.5; 61.3 (J = 4.4Hz); 
170.4; 172.5; 172.6. 
Anal. calc. for C,,H,,N,O,P: C 51.82, H 8.26, N 9.07. 
Found: C 51.07, H 8.20, N 8.89. 
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